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Contribution from the Department of Chemistry, University

of Kentucky, Lexington, KY 40506-005S5

Theoretical Studies on N-Bonded Pyrazole Derivatives of Baron

Audrey L. Companion, Frank Liu and Kurt Niedenzu

CNDO calculations on the sequential processes (1) RzBH
+ Hpz — R=Bpz + H2; (2) 2 RzBpz —> RxB(p-pz)=BR= (where
pz = pyrazolyl= Nz=CsHs) indicate that for R = H both steps are
energetically favorable, particularly the dimerization (2). In
addition, the latter also leads to electronic saturation of the
boron agom; and the energy of the resultant pyrazabole is

independent of the conformation of the molecule. For R =

1/2 CHsN—-(CH=)=~NCHs, only step (1) yielding the monomer
-+ is exothermic, whereas (2) is greatly dependent on the genmetry ;
oé.the central BzNas ring (in addition to provoking a i
considerable charge increase on the boron atom). Another process,

i.e.y (3) R=Bpz + Hpz — R2B(p-pz)=zH, -is exothermic in both

P

cases, but for R = H the pyrazabole formation (2) is much more

strongly favored. The theoreticél data are in good agreement with

experimental results.




Introduction

When a trigonal borane, BRz, is reacted‘with pyrazole,
Hpz, or a C-substituted derivative thereof in a 1:1 molar ratio,
ready condensation occurs to yield a transient pyrazol-
1-yl~borane, R=Bpz. As a rule, the latter species
.immediately dimerizes to form a pyrazabole of the general

structure 1.*

1

The pyrazaboles, RzB({(p-pz)=BR=>, have been found to
be chemically extremely stable. For example, they are generally
unaffected by air or water, and various organic transformations
have heen accamplished at the carban sites af the bridging
pyrazole groups without destruction of the central BzNa
ring.2 This stability has been rationalized in terms of
steric as well as electronic factors.* However, somne
monomeric pyrazol-1i-ylboranes , i.e., symmetrical cleavage

products of pyrazaboles, have recently become available.="7

Ty
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Experimental data appear to indicate that monomeric \

pyrazol-i~-ylbhaoranes exist only when the boron atom is
simul taneously bonded not only to a pyrazolyl group but also to

strongly electron—donating substituents. In order to better

understand these aobservations and the general electronic and
steric features of pyrazole derivatives of boron, several

semiempirical studies have been performed on these species.

Experimental

The method chosen was the CNDO (complete neglect of
differential overlap) molecular orbital approach of Pople and
coworkers.® This method was considered preferable to other
semiempirical approaches, such as EHMO (extended Huckel molecular
orbital) metﬁods, because of its explicit inclusion of nuclear
repulsion terms. All calculations were carried out on.an IBM 3083
computer with the program CNINDO-DYNAM7, an expandable and
more efficient version of the original CNINDO program®*®. The
CNDO/2 parameters suggested by Pople and coworkers® were
unchanged. |

Total energies were computed for all species with smoothed
experimental geometries.2*+*2 Reaction energies were taken
as the computed total energy of all praducts minus the computed
total energy of all reactants. Although, as expected, the energy-
changes computed with the CNDO method are much toco large in

absolute value, it is their relative magnitudes which are

significant in the following discussion.
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Same calculated atomic charges of various species of interest

in the present study are given in Figure 1.

Results and Discussion

- The only known cases where pyrazol-l-ylboranes exist as
N igolable monomers, R=Bpz, are those where R + R =

h NCHx—(CH=) ~—NCH= [n=2;3], i.e., where boron is

Q . incorpo(ated into a cyclic system and bondgd to strongly

. electron—-donating nitrogen atoms; all other species exist as the

dimeric pyrazaboles, 1. In search of an explanation of
these reaction preferences, calculations on the energetics of the
following reaction sequences were undertaken.

R=BH + Hpz —> R=Bpz + H= . €1}

2 R=Bpz —> R=B(s—pz)=BR= {2>

R = Hy, 1/2 CH=N-(CH=)=-NCH=

In all cases studied, changes in the charge on the boron atom,

qs, measured in units of the electron charge, were examined.
According to valence saturation arquments, favored reactions of
boron are thaose in which the electron deficiency of the boron

.

atom is removed, such that qs approaches zero.

el il i an st

y .

The first reaction considered was that of borane(3) with

. 5 g1

pyrazole [eq {32]. CNDO computed total energies in eV are listed

below each species.
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¢ Figure 1. Selected calculated atomic charges for some

molecules of interest.
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(-162.76) (~1294.94) (-4043) (-1420,54)

The energy change (AE = -2,.,99 eV) was found to be small
though favorable for formation of HzBpz. The charge on the
boron atom indicates that the electron deficiency on boraon in
BHx (gm = +0.20) is not removed in the resultant
H:-Bpz species but rathar increases slightly, such that
Qe = +0.23. Dimerization of H=Bpz according to eq {23
to yield the parent pyrazabole, f{.e.,

2 H;sz —> H=B(p—p2)=BH-=,
is highly favorable with a reaction energy change AE of
—-16.82 eV. In addition, the charge on the boron atoms in the
pyrazabole is reduced to +0.04, indicating that the boron atom

valence is quite saturated.

! The energy of the parent pyrazahole was found to be quite
o

g insensitive to the specific conformation of the central

: Bz2Na ring and also to the relative arrangement of the

.

; two pyrazole rings. For example, with smoothed X-ray data for
w

8
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il

pyrazabole?® (BxNa ring in boat conformation with

the two pyrazole rings pointing downwards in a butte fly
arrangement) the total energy was found to be ~-2857.90 eV. For a
significantly different structure in which a planar

BxNa ring is coplanar with the two pyrazole rings, the

total energy waé j2857.79 eV. Both boat and chair conformations
of the B=Ms ring with the two pyrazole rings coplanar

with the Na plane have identical total energies, —2857.84%

eV. The essentially identical energies of all these species
indicate that, in the dimerization process, the relative tilt
angle of two approaching HzBpz moieties is not critical for
successful dimerization.

In conclusion, both valence saturation arguments and energy
considerations favor the dimeriiation af H=Bpz to yield
pyrazabole, Hz:B(p~pz)=BH-=.

In a similar study on the reaction of 1,3-dimethyl-1,3,2-
diazabnracyclqpentane, 2, with Hpz according to eq {4}, the
charge on the boron atom in 2 (qge = +0.18) was found
to increase to +0.27 in the praoduct 3. The reaction is

predicted to be exothermic with AE = —-1.99 eV.

-Page S5-




[ aAr Rt Sk adh Yol Sk T 2hdn Yadr s

R R y
7 /= :
—H  + J] —= H + — €43 =
/ |
R R ;:;
(~1749.48) (~1294.92) (-40.13) (-3005.73) R
R
2 ‘ 3 3
j
(R = CHs) ]

9L

Dimerization of I to yield a pyrazabole in accordance
with eq {2} is, however, energetically unfavorable with i
LE =+2.47 eV for the boat form of the resultant central b
BzNa ring. In the boat form of this dimer, hydrogen

atoms on the two methyl groups may approach each other to a %

vicinity of 0.5 A. If the BzN4 ring is made planar, the

total energy of the dimer is lowered by 12.08 eV, indicating

that, unlika the case of the previously discussed dimer

H=B(ys—pz2)=2BH= this particular pyrazabole would be -
extremely sensitive to the conformation of the BxNa

. ring. The sharp and deep potential well associated with the

A

conformation of this ring suggests that only a very few
i restricted orientations of two monomeric molecules, .3,
would succeed in bond formation, i.e., generation of a
pyrazabole. Moreover, the charge on the boron atom for a

4 ~Page &-
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pyrazabole derived from 3 with boat conformation is qn
= +0.31, increasing to gqx = +0.32 for a pyrazabole with a
planar Bz=N. ring. ,

In order to determine tha extent to which repulsion in the

LI TR

boat—form dimer of 3 may be due to methyl-methyl or
methyl—-pyrazalyl group interactions, the planar dimer of 3
was dissected by removing a boron moiety and replacing it with a

hydrogen atom, to give a structure 4.

P G Y
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PRI § [ UV

:UZZ\‘ /,253
=
|
=

Wi

conforanation of the BN4H ring:

RSN P PR R

planar: E= —-4302.84 eV

boat: E= —-4302.64 eV

DR ) R

The energy of the species 4, with a planar BN4H ring, was found

PRI . ]

to be only 0.20 =V below that of the corresponding boat form.

T
B

9 This result suggests that most of the repulsion in the dimer is
-

y due to methyl—methyi interaction, which is minimized in planar
3 and chair forms of the dimer. Thus a very specific geometry is
required for the formation of a pyrazabole-type dimer of 3.
2 Subsequent removal of Hpz from the molecule 4 with a

planar BNasH ring yielded the distorted form af the monomer %

~Page 7-




3 necessary to form the dimer with a planar BzNa ring. The
energy of this monomer was about 2 eV above that of the monomer
in its normal geometry, indicating that the conformation needed
by the monomer to form the pyrazabole requires considerable
excitation energy.

Thus, the dimerization reaction sequence {2} with 3

as the reactant is predicted to be unlikely by bath energy

considerations and valence saturation arguments.

Another process examined in this study involves the

interaction of the monomeric pyrazol-l-ylborane 3 with

P

pyrazole according to eq {5X.
S + Hpz — 4 {53

This latter process could potentially competé with the

dimerization of 3. Indeed, calculations show that the

reaction of HzBpz with Hpz is exothermic with AE =

~4.02 eV. Furthermore, the charge on the boron atom is reduced to
ge = + 0.005 upon formation of this adduct. The resultant -
hydrogen bridée appears to be a normal although bent hydrogen
bond with a small charge, gn = + 0.29, developed on the

hydraogen atom. Although energetics and valence saturation

arguments indicate that this adduct should be stablé; the
dimerization reaction [eq (2)] is much more strongly favored by
the larger energy change. --

On the other hand, when I was reacted with Hpz, adduct
formation has indeed been observed experimentally.%-%-7 The

-Page 8-
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present calculations indicate that this process is slightly
exothermic with AE = —-1.99 eV, although the charge on B

increases from qe = +0.27 in 3 to ga = +0.30 in 4. Thus;

in this latter case, energy considerations favor the formation of

the adduct rather than the dimerization process by 4.456 eV.

Conclusions

| PO/ S e )

The present calculations indicate that in the dimesrization
of H=Bpz to yield pyrazabole the energetics of the process
are quite favorable and that no specific geometry of the dimer is
more favored than others. The charge on the boron atom in
pyrazabole, +0.04, indicates almost completebelectrcn saturation r

of the boron atom.

In contrast, formation of the dimer RzB(yx~pz)=BR= with
R = 1/2 CH:N‘(CHz)z-NCHs is energetically favorable only
for those very specific geometries in which methyl-methyl
interactions are avoided. Furthermore, with this R the valence
saturation of the boron atom in reaction sequences {1} and {2}
progressively worsens; ﬁs in RzBH (where boron is
bonded to two N atoms) is +0.18, increasing to +0.27 in

R=Bpz (in which boron is bonded to three N atoms), and then

to +0.31 in the dimer (in which boron is bonded to four N atoms).
t' This result conflicts with the general assumption that an

r! increase in the number of N atoms coordinated to boran increases

its electronic saturation.
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As a test of this fundamental principle calculations on
the following four small mélecules were performed, with
geomatries of the first three derived from those of corresponding
dimethylaminobhoranes,*>-2** with the exception that unlike the
true tris(dimethylamino)borane structure, which has out—-of-plane
methyl groups, structure 7 was taken as planar. In a planar )
structure the electron donating potential of the nitrogen atoms ]

should bz a maximum.
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The charges computed for the baoron and nitrogen atoms in the
various structures, especially Qhen compared with that df the
highly saturated baron atom in diborane(é) (for which qs =

-0.033, indicate that increasing the number of nitrogen atoms

coordinated to a boron atom does not increase its saturation.
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